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ABSTRACT 
The LPSs from four symbiotic mutants of R .  trifolii 
were isolated and characterized.  The mutants were obtained 
from Dr . Barry Rolfe of The Australian National University . 
Three mutants have Tn5 insertions in the "nod" regions o f  
the symbiotic p lasmid. The fourth has a 30 kb deletion . 
This deletion includes the majority of the "nod" regions . 
All mutants fail to nodulate clover and fail to induce 
markedly curled root hairs , i . e . they are hac-nod- . The 
LPSs were purified as described by Carlson et al . 1978 . 7 
The polysaccharide portion of the LPSs was purified by 
treating the LPSs in 1% HAc at 100° for 1 hour followed by 
Sephadex G-50 column chromatography . A larger and a smaller 
molecular weight polysaccharide (LP S l  and LPS2) are obtained. 
The LPS from one batch, but not from a s econd batch, of 
the ins ertion mutant ANU2 7 4  contains an additional poly­
saccharide which elutes in the void volume of the G-50 
co lumn (LPS3) . Sugar compositions were determined by GC 
analysis of their alditol acetate derivative s .  Uronic acid, 
2-keto-3- deoxyoctonic acid (KDO), pyruvate and acetate were 
determined by colorimetric assays . Unusual sugars were 
identified by c ombined GC/MS analysis . The LPS s  were also 
analyzed by PAGE . 2 1  The LPS compos itions from the mutants 
and the parent are similar, the maj or sugars being heptose 
galacturonic acid and glucuronic acid. The LPS from one 
i 
batch of ANU274 was different in that it also contains 
rhamnose (not found in the other LPSs) , increased levels 
of galactose and an unidentified molecu l e .  The LPS from 
a second batch o f  ANU2 7 4  is the s ame as the parent and 
other mutant LPS s .  The LPS l s  from all s trains , including 
both batches o f  ANU2 7 4 ,  are very similar in composi tion . 
The LPS 2 s  contain man , ga l ,  glc and uronic acid ,  the 
maj or sugar being uronic acid. The LPS 2 s  from all the 
mutants contain increased levels of glucose compared to 
the parent . We are uncertain if this glucose is an LPS2 
component or due to contamination by small molecular weight 
glucans . The LPS3, present in the one batch o f  ANU27 4 ,  
contains largely rhanmos e  and galacto s e .  PAGE analysis o f  
the various LPSs show that they are very similar , except 
for the LPS from the one batch o f  ANU2 7 4 .  The banding 
patterns , except that o f  the one ANU274 LPS ,  sugge s t  that 
the 0-antigen may not cons i s t  o f  a repeating oligosaccharide 
but may be a single complex oligosaccharide . However , 
the banding pattern for the LPS from the one batch o f  
ANU274 sugge s t s  an 0-antigen which does cons i s t  o f  a repeating 
oligosaccharide . At the present time we do not know i f  
the appearance of this differen t  LPS in the one batch of 
ANU2 74 i s  due to the mutation and/or is due to s lightly 
different growth conditions (although all batches were 
grown and harve s ted in a similar manner) .  
ii 
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INTRODUCTION 
The genus Rhizobium includes a group o f  Gram negative 
soil bacteria that have a unique capability of fixing diatomic 
nitrogen to the annnonia form in a symbiotic relationship 
with leguminous p l ants . Rhizobium bacteria are often 
divided into two catagories ; one being the tas t growers and 
the other the slow growers . The .fast growers have a three 
to four hour generation t ime , whi le the s low growers have 
. h 1 h . . 42 Th b . . an eig t to twe ve our generation time . e sym iotic 
relationship is beneficial to both the legume and the 
bacteria, where the legume is supplied with a usable form 
of nitrogen and in return supplies an energy source for the 
bacteria. Although recent research has led to a good under­
s tanding o f  the nitrogen fixation mechanism� little is known 
o f  the infection proces s .  The interaction occurs b etween 
the bacterium and the legume roo t ,  resulting in the formation 
o f  nodules composed o f  roo t cortical cells containing modified 
bacterial cells called bacteroids . Nodule formation is 
a highly specific process where a species o f  Rhizobium 
will interact only with a specific group o f  legume s . 18 
For example , R. trifolii will only form nodules on clover 
whi le R .  legumino sarum wi ll only nodulate peas . 
The nodulation proces s can best be described in four 
step s :  1) binding of the bact erium to the root hair epidermal 
cell-wall; 2) the s timulation of excessive root hair curling; 
2 
3) the formation o f  an infection thread which is an in-
vaginated growth o f  the root hair cell-wa l l ,  resulting in 
the inward formation of a hollow thread and the subsequent 
migr�tion of the bacteria through this thread into the root 
cortex region ; 4) incorpo�ation of the bacterium into the 
cortex cells and differentiation of the bacterium into 
a bacteroid. 
It has been suggested through morphilogical inve s tiga­
tions of the symb iotic process that ho st- specificity is 
d t · d · t b t · 1 · f t' of the root hai·rs . 3 1•46 e ermine prior o ac eria in ec ion 
It is therefore thought that attachment of the bacteria 
may be the host-specific even t .  This indicates that specific 
interactions of molecules on the surface of the root epidermal 
cells and the bacterial cells must occur . 
One hypothesis on the host- specific interaction i s  that 
multivalent lectins produced b y  the root , and already bound 
to surface polysaccharides on the root epidermal cell wall ,  
bind to a polysaccharide on the bacterial cell wal1 . 8•1 4•19 
Lectins are proteins known to have specific b inding capa-
bilities to carbohydrate molecules . On the surface o f  
Rhizobium several types of carbohydrate-containing molecules 
are present that could bind to a lectin .8 First is the 
extracellular polysaccharide (EPS) , which i s  a po lysaccharide 
released into the environment from the bacteri a . · Second is 
the capsular polysaccharide ( CPS) which i s  the carbohydrate 
that makes up the maj or portion o f  the capsule around the 
3 
bacterium. Finally , the lipopolysaccharide (LPS) is a 
structural entity of the outer membrane of all Gram negative 
bacteria. The LPS has a lipid fraction imbedded in the 
outer membrane onto which a carbohydrate fraction i s  attached 
and protrudes into the environment .  The polysac charide 
fraction is usually divi ded into two subunit s , a Core region 
and a 0-antigen . 2 The core is an oligosaccharide that 
attaches to the lipid-A via an. acid labile ketosidic bond, 
between the lipid and 2 -keto-3-deoxyoctonic acid (KDO). 
The 0- antigen i s  usually a large polysaccharide composed 
of an oligosac charide repeating unit and i s  attached to 
the core . Figure 1 shows a generalized representation o f  
the LPS structure. 
It has been reported that binding does occur between 
lectins found on the root cel l-wall surface and the EPS 
and LPS of an R.  trifolii strain in the case of clover , 
and an R.  leguminos arum strain in the case of peas . 1 3·24·28 
For a molecule to be involved in host- specificity it would 
have to be structurally divers e  from species to specie s . 
Such diversity in structure is ob s erved in the EPS of 
s low-growing Rhizobium and in the LPS o f  fast-growing 
Rhizobium. 8 
A very succe ssful tool that is used to determine the 
molecular basis of nodulation i s  by analyzing surface 
molecules from mutants incapable o f  nodulation, and comparing 
them to the parental typ e .  Mutants incapable o f  causing 
root hair curling (Hae- ) ,  incapable of nodule formation 
4 
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LIPID-A KDO CORE 0-ANTIGEN 
I . I 1 I 
Figure 1 .  Diagramatic representation o f  the LPS molecule 
found in the outer membrane of Gram negative 
bacteria. It is found in two forms , one with 
the a-antigen ( the smooth type) and one without 
the Q-.antigen ( the rough type) . 
5 
(Nod-) ,  and incapable o f  nitrogen fixation (Fix- ) have 
been developed. 12·' 2l, 34 ' 3 8 ' 47 In Rhizobi um it has been 
shown that the ability to nodulate legumes is dependent on 
the presence of a large plasmid ranging from 160 kilobases 
(kb) to more than 500 kb . 111 27, 33 , 35 This p lasmid, named 
the pSym p lasmid, has been found to contain genes for the 
nitrogenase enzyme and two regions that effect the nodule 
forming ability of the bacterium (Nod regions) . One method 
of generating mutants in the pSym p lasmid is by the use o f  
transposons . These are small segments o f  DNA that can 
. 30 randomly inset themselves into the genome of an organism. 
The transposon commonly used, TnS, encodes for kanamycin 
and streptomycin resistance (kanr an d strepr) , which will 
be expressed in the organism containing it.4 This allows 
for a method of determining succes s ful incorporation of the 
TnS DNA into the host genome . TnS can be incorporated into 
the bacterial genome b y  first placing the TnS DNA in a p lasmid 
that is unstable in the bacterium. When this "Suicide p lasmid" 
breaks down it releases the TnS e lement which will recombine 
with the bac terial DNA, either chromosonal or p lasmid DNA . 
A similar method to insure TnS incorporation into the 
pSym p lasmid involves the incubation o f  TnS with isolated 
p lasmid DNA. The resulting pSym p lasmi d :  : TnS DNA is then 
incubated with bacterial cells� This results in the transfer 
of a small number o f  p lasmids into the bacteria. Positive 
insertion is s creened for using kanamycin and streptomycin 
containing media. 
6 
A more specific method for creating Tn5 mutant s i s  by 
site-directed mutagene sis. 37 This is done by cloning the 
desired section of DNA that is to be Tn5 mutated into a 
plasmid cloning vector. This i s  usually placed into a com-
patable bacteria, such as E .  coli , and the resulting bacterium 
is then infected with a A phage containing Tn5 (A: :Tn5 ) . 
Bacteria with Tn5 in the plasmi.d are isolated and the 
location of TnS is determined by restriction mapping. 
The fragment of DNA with the Tn5 insertion i s  then recloned 
into an appropriate conjugative cloning vector (a plasmid 
that is transferable to Rhizobium via conjugation) . Occuring 
at a very low frequency, the desired DNA fragment containing 
Tn5 DNA will recombine with the analogous wild type region 
of the Rhizobium genome . Confirmation of this recombination 
is by the introduct ion of a plasmid incompatable with 
the cloning vecto r ,  which causes the eviction of the cloning 
r vector from the bacteria, and subsequent testing for kan , 
strepr and sensitivity to the antibotic for which the 
conjugative cloning vector plasmid encoded re si stence . 
To dat e ,  mutational re search on the characterization 
of the LPS by Nod- mutants has given somewhat ambiguous 
resul t s .  In one report i t  was found that by removing the 
entire pSym-plasmid from an R. trifolii strain, a distinct 
change in sugar composition in the LPS was observe d . 26 
The LPS composition of an R. legumino sarum strain also 
showed variation between the wild type and a mutant lacking 
the who le pSym-plasmid (personal communication , R .  Carlson) . 
7 
However , removal of the whole pSym-plasmid from another 
40 R .  trifolii strain resulted in no apparent LPS alterations , 
and LPS analysis of �· leguminosaum pSym-plasmid : : Tn5 
- 9 25 Nod mutants also show parental type LPS . ' ' 
Another study of R .  trifolii LPS indicates that a varia-
tion in LPS may occur depending on the growth phase the 
bacteria were harve sted in , and that lec tin binding capa-
24 bilities also vary depending on growth phas e .  Due to 
this inconsis tancy of the results from LPS studies on Nod-
mutants it is still uncertain what role ,  if any , the bacterial 
LPS has in the symbiotic relationship . 
In this report the LPSs of four mutants of R .  trifolii 
ANU 843 were analyzed to determine if any changes from the 
parental type exi s t .  Al l the mutants can neither nodulate 
clover (Nod-) ,  nor cause root hair curling (Hae-) .  Three 
of the mutants ANU 8 5 1 ,  ANU 891 , and 2 7 4  are pSym-plasmid : : Tn5 
mutations where ANU 8 9 1  and 2 7 4  were generated using site 
specific mutagenesis as previously described. The fourth 
mutant , ANU 8 7 1 ,  is a deletion mutant of ANU 851 that has 
a 30 kb region of the pSym-plasmi d ,  including most of the 
Nod regions and the Tn5 DNA, remove d by heat curing . 
Figure 2 shows a diagramatic representat ion of the insertion 
and deletion mutant s .  The obs ervance o f  any altered LPS 
in these mutants may lead to the understanding of the LPS 
involvement in early nodulation events .  
� 
ANU 071 (a 30 kb deletion) I 
ANU 
ANU 891 274 851 
+ • + 
l ' - - J 
l ��k�  j I ..,.._-- --- 14. kb ... 
Figure 2 .  Diagramatic representation of the R .  trifolii Nod and Hae mutations 
in the pSym plasmid. The 14 kb region is a Hind III digest fragment 
o f  the plasmid containing two regions which have been shown to effect 
the nodulation capabilities of the bacterium . 
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EXPERIMENTAL 
Growth of Bacteria 
The bacteria used, ANU 843 and its mutants ANU 85 1 ,  
ANU 8 7 1 , ANU 8 9 1  and 2 7 4 ,  obtained from Dr . Barry Rolfe 
of the Australian National University, were kept on stock 
slants at 5°C . From the stock cultures 40 mL of liquid 
media were innoculated and grown on a shaker at room temper­
ature for three days . Four of these cultures were used to 
innoculate a 12 liter batch of media.  Modified Bergersen's 
media was used , which contained CaC1 2 · 2H2 0 ,  0 . 05 g/L; 
NazHP04 
. 12Hz0 ,  0 . 36 g/L; MgS04 
. 7Hz0 ,  0 . 6 8 g / L ;  Bio tin 
0 . 02 g/L ; Yeast Extrac t ,  0 . 5  g/L; Glutamic acid, 0 . 5  g / L ;  
Mannito l ,  10 . 0  g/L ; and 1 mL/L of a solution o f  trace 
elements containing CaCl · 2H2o ,  6 . 6  g/L ; H3Bo3 , 145 mg/L; 
Feso4 · 7H2o ,  125 mg/L; Cac l2 
· 6H2o ,  5 9  mg/ L ;  cuso4 · 
SH20 ,  5 mg/ L ;  Mncl2 
. 4H2 0 ,  4 . 3  mg/L; Znso4 7H20 ,  108 mg/L; 
Na2Moo4 , 125 mg/ L ;  EDTA , 7 g/L ; adjusted to a pH of 5 . 0  
prior to adding EDTA. The media was then adjusted to a 
pH of 6 . 8  and for solid media 1 5 . 0  g/L of agar was added.5 
Prior to starting the 40 mL cultures ,  the 12 L cultnre , 
and harvesting the 12 L cul ture , the bacteria were checked 
for contamination by s treaking samples on separate plates 
containing strep tomycin (100 mg/mL) , kanamycin (100 mg/mL) 
and nutrient agar . Gram staining was also done at the 
same intervals . The bacteria in the 12 L cultures were 
10 
aerated and the growth phase was monitered by spectrophoto­
metric analysis o f  1 mL aliquo tes of the media at 620 run 
approximately every four to six hour s .  The bacteria were 
harvested at early stat ionary pha s e .  Harvesting was done 
by centrifugation o f  the culture at 10 , 000 rpms for 20 
minutes using a Sorval SS-3 centrifuge with a GSA roto r .  
The s upernatant was discarded and the pe llet was saved for 
LPS extraction. 
Extraction and Purification of the LPS 
The bacterial pellet from the harvesting procedure 
was fir s t  washed in fresh Bergers en's media three times 
by mixing the bacteria with 250 mL aliquotes each time , 
centrifuging at 10 , 000 rpms for 20 minutes , and discarding 
the supernatant . This removed any remaining extracellular 
polysaccharide (EPS) . The bacteria were then washed with · 
500 mLs o f  saline buffer containing O . OlM Na2HP04 and 0 . 85% 
NaCl at a pH of 7 . 0 .  This was done by combining the bacteria 
with the buffer in a Waring blender and blending for one 
minute ,  letting i t  settle for one minute and repeating 
this three times . The mixture was again centrifuged at 10 , 000 
rprns for 20 minutes and the supernatant was discarded. 
The saline wash was repeated twice; this was done to remove 
the capsular polysaccharide (CPS) from the bacterial cells . 
The resul ting pellet was weighed and combined with 
enough deionized water , at 65°C , to equal a 100 mL final 
volume . One hundr ed mLs of 95% phenol were then added and 
12 
with a void volume of 140 mL and an included volume o f  
4 1 7  mL . The void volumes were determined using Blue Dextran 
while the included volumes were determined using gluco s e .  
The buffer used on these column contained 3 . 0  g/L o f  
ethylenediaminetetracetic acid (EDTA) , and 4 . 1 mL / L  o f  
triethylamine in deionized water at a pH o f  7 . 0 .  The sample 
was dissolved in a volume o f  buffer no greater than 1% o f  
the column b e d  volume and was applied t o  the column . Up 
to 400 mg and 200 mg o f  the samp le could be app lied to 
the larger and smaller column , respectively. The flow rate 
was set at 0 . 5  mL /minut e ,  collecting approximately 13 
mL per tube for the large column , and 0 . 2  mL /minute 
collecting approximately 5.0 mL per tube for the small 
column. The fractions c.ol lected were assayed for hexose using 
h 15 b l  1 d . h h . b b' . the ant rone assay, Ta e , an KDO using t e t io ar ituric 
. 43 acid assay , Table 2 .  The fractions containing KDO (i . e .  
the LPS) were pooled and dialyzed against deionized water , 
as described previous ly . After dialysis the samp le was rotary 
evaporated and loyphilized. This material was considered 
purified LPS and used for compos itional analysis , PAGE 
analys i s ,  and iso lation o f  the LPS polysaccharide fractions . 
Isolation o f  LPS Polysaccharide Fractions 
Thirty-five mg o f  the purified LPS were mild acid 
hydrolyzed in 15 mL of 1% acetic acid at 100°C for one hour 
30 and cooled on i c e .  J This procedure broke the acid labile 
ketosidic bond b etween the lipid-A and KDO , releasing the 
A .  
B .  
13 
Table 1 :  Anthrone Assay for Hexose 
S olutions 
1. 0 . 2% anthrone in concentrated H2so4 
2 .  1 mg/mL s olution of samp le 
3. 1 mg/mL s olution of glucose ( s tandard) 
Procedure 
1 .  To a samp l e  o f  series of d�lutions brought to 
a final volume of 500 uL, 1 mL of solution 1 
was added, with vortexing 
2 .  The s olution was heated in a boiling water bath 
for 5 minutes and the absorbance was then read 
at 620 nm 
A. Solutions 
1. 0 . 4  N H2so4 
14 
Table 2: KDO Assay 
2. 0.04N HI04 in 0 . 4N H2S04 
3 .  2 . 0% N aAs02 in O . SN HCl 
4 .  0 . 3% Thiob arb ituric ac id 
5 .  0. 1 mg/mL FDO solu tion (standard) 
6 .  1.0 mg/mL solu tion of s ample 
B .  Proce dure 
1. T o  the sample or series of di lu tions brought to 
a final v olume of 200 uL, 20 uL of 0 . 4  N H2so4 
was added, with vorte xing, and heated in a boi ling 
water bath for 30 minutes . 
2 .  Then 250 uL of solu tion 2 were added and the 
solu tion was vortexed and le t to set for 40 minutes 
at room temperature . 
3 .  Then 500 uL of solu tion 3 was adde d  with vortex ing 
and the solution was allowe d to s tand at room 
temperature for f ive minu tes . 
4 .  Next 2 . 0  mL of solu tion 4 was adde d ,  with vortexing 
and the solu t ion was placed in a b o i ling water b ath 
for 20 minutes . Upon cooling the abs orbance was 
read at 5 48 nm .  
15 
polysaccharide components of the LPS . This resulted in the 
precipitation o f  the lipid-A while the polysaccharide remained 
solub l e .  The released po lysaccharides were separated from 
the lipid-A by centrifugation at 12 , 000 rpms for 30 minute s .  
The supernatant was removed,  saved, . and the lipid-A was 
washed and centrifuged twice with 1 0  mLs o f  deionized water. 
The aqueous layers were combined and lyophi lized and the 
lipid-A was washed into appropriate containers and also 
lyophilized . The weight o f  each fraction after lyophi lization 
was recorded. 
The polysaccharide fraction was separated into two 
subunits , according to s i z e ,  listed as LPSl and LPS2 (a 
third, LPS3, was separated from one batch of 274) using a 
Sephadex G-50 column . 2 6  The column had a bed volume o f  136 
mL . The polysaccharide was di ssolved in 1 mL of deionized 
water and applied to the colunm with a flow rate of 0 . 2  
mL /minutes ,  collecting 2 mL per fraction. The fractions 
were assayed for hexose , using the anthrone assay , and uronic 
acid, using the m-hydroxybiphenyl assay, 6 Table 3 .  The 
fractions included in the first peak , which eluted between 
the void and the included volume , were pooled and labeled 
LPS l .  The fractions in the second peak , which eluted at 
the included vo lume , were pooled and labeled LPS2 . The LPS3 
peak in one batch· o·f 274 eluted at the void volume and was 
collected in the same manner . All samp le s  were lyophilized 
and weighed. 
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was recorded. 
The polysaccharide fraction was separated into two 
subunits , according to size , listed as LPS l and LPS2 (a 
third, LPS3, was separated from one batch of 274) using a 
Sephadex G-50 column . 2 6  The column had a bed volume o f  136 
mL . The po lysaccharide was dissolved in 1 mL of deionized 
water and applied to the colunm with a flow rate of 0 . 2  
mL /minutes ,  collecting 2 mL per fraction . The fractions 
were assayed for hexose , using the anthrone assay , and uronic 
acid, using the m-hydroxybiphenyl assay , 6 Table 3 .  The 
fractions included in the first peak ,  which eluted between 
the void and the included vo lume , were pooled and labeled 
LPS l .  The fractions in the second peak , which e luted at 
the included volume , were pooled and labeled LPS2 . The LPS3 
peak in one batch of 274 eluted at the void vo lume and was 
collected in the same manner . All samples were lyophilized 
and weighed. 
A. So lutions 
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Table 3 :  Uronic Acid Assay 
1 .  0 . 0125 M Na2B4o7 
· 10 H2o in concentrated H2so4 
2 .  0 . 15% m-hydroxydiphenyl in 0 . 5% NaOH 
3 .  0 . 1  mg/mL so lution o f  glucuronic acid ( s tandard) 
4 .  1 . 0  mg/mL solution o f  sample 
B .  Procedure 
1 .  To the sample or a s eries o f  dilutions brought 
to a final volume of 200 ul with H20 ,  1 . 2  mL o f  
solution 1 was added with vortexing , and the s olution 
was heated in a boiling water bath for five minutes . 
2 .  The samples were then cooled in an ice bath for 
one to two minutes and then 20 uL o f  solution 2 
were added with vortexing , and let to set at 
room temperature for five minutes . 
3 .  The absorbance was then read at 520 nm. 
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Since the LPS2 eluted at the included volume it was 
further applied to a Sephadex G - 25 column to separate it 
from any small mo lecular weight contaminant s .  The G - 25 
column used had a bed volume of 102 mL . The LPS 2 �·�as 
dissolved in 1 mL o f  deionized water and applied to the 
column with a flow rate of 0 . 2  mL /minut e ,  collecting 2 
mL per fraction . The fractions were assayed for hexos e ,  
as des cribed earlier , and those containing the LPS 2 ,  which 
eluted close to the void vo lume , were pooled and lyophilized. 
Compositional Analysis of the LPS Polysac charide 
Colorimetric assays were used for quantitative determina-
. f 1 l� bl 1 d 6 b l  3 tion o neutra sugars , Ta e ; uronic aci , Ta e ; 
KDo,43 Table 2; pyruvic acid , 29 Table 4; and acetyl group s , 21 
Table 5, using a 1 mg/mL so lution of the purified LPS .  
Amounts were determined by comparing the results of a s eries 
of dilutions o·f the 1 mg/ mL solution to the appropriate 
· 
standard curve . 
The neutral sugars of the LPS were further quantitated 
and qualitated by gas chromatography of their alditol 
acetate derivatives . 1 This was done by lyophilizing a sample 
of the LPS , containing approximately 250 mg of hexose as 
determined using the anthrone assay, hydrolyzing it to 
monomeric sugars and reducing and acetylating the sugars 
as shown in Table 6 .  The resulting sample was then dissolved 
in 20 - SO uL of acetone and 1 - 6 uL were inj ected into 
a Hewlet Packard High Efficiency gas chromatograph using a 
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Table 4 :  Pyruvic Acid Assay 
A .  Solutions 
1 .  2 , 4- dinitrophenylhydrazine (DNP ) ,  500 urnoles 
in 100 mL 2 . 0  N HCl (dis solved at 40°C) 
2 .  2 . 2  N Na OH 
3 .  
4 .  
5 .  
6 .  
7 .  
2 . 0  N HCl 
0 . 1  mg/mL 
Toluene 
1 0 . 0% Na2 
1 . 0  mg/m.L 
B .  Procedure 
pyruvic acid ( s tandard) 
co3 
o f  LPS sample 
1 .  To a series of dilutions brought to a final volume 
of 200 uL, 0 . 3  mL of solution 3 were added and 
the mixture was heated at 100°C for three hours 
in sealed tubes . 
2 .  ·Then 0 . 1  mL o f  so lution 1 was added , with vertexing , 
and thi s was left at room temperature for 30 minute s .  
3 .  Then an equal volume of toluene ( 0 . 6  mL ) was 
added, with vortexing . The bottom layer was then 
removed and to the toluene layer remaining, 0 . 6  mL 
of solution 6 were added with vortexing . The top 
toluene layer was then removed and dis carded . 
4 .  Next 0 . 4  mL o f  H20 and 1 . 0  rnL o f  solution 2 were 
added to the bottom layer with vortexing .  Absorbance 
was then read at 416 nm. 
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Table 5 :  Acetyl Group Assay 
A .  Solutions 
1 .  2M Hydroxylaminehydrochloride 
2 .  3 . 5  N NaOH 
3 .  1 part concentrated HCl and 2 parts H2o 
4 .  0 . 3 7 M FeC1 3 in O . lN HCl 
5 .  0 . 5  mg/mL B-D-glucose pentacetate , in MeOH (the 
standard) 
6. 1 mg/mL solution of the LPS sample 
B .  Procedure 
1 .  To a series of dilutions of the LPS sample and 
the standard,  800 uL of a mixture of equal parts 
of solutions 1 and 2 were added , vortexed and let 
stand one minute . 
2 .  Then 400 uL of so lution 3 were added to each 
with vortexing . 
3 .  Next 400 uL of solution 4 were added with vortexing 
and the absorbance was read at 540 nm. 
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Table 6 :  Acetylation Procedure 
(Preparation for Gas Chromatography Analysis) 
1. Prepare a standard sugar solution containing 1 mg/mL 
of each standard sugar . This so lution may be s tored 
in the freezer and re-used. 
2. Prepare a 1 mg/mL solution of inositol to use as the 
internal standard. This also may be stored in the 
freezer and re-used. 
NOTE : DRY YOUR STANDARD SUGARS AND YOUR SAMPLES IN THE 
VACUUM OVEN BEFORE PREPARING THE SOLUTIONS . 
3. Prepare a 1 mg/mL so lution of your samp le polysaccharide . 
4 .  Determine the % hexose o f  your sample using the anthrone 
assay .  
5 .  Place a volume of your sample equivalent to not more 
than 250 micrograms of hexose in a screw-cap test tube . 
In another tube p lace 100 micro liters of your standard 
sugar solution. Add 20 micro liters of ino sitol so lution 
to each tub e .  Dry your samples and s tandards using 
filtered air or by freez e�drying . 
6 .  Add 500 microliters of a 2M TFA (triflouroac etic aci d )  
so lution to each tub e . Seal with the teflon- lined 
screw cap and heat at 1 2 1  degrees for two hour s .  
7. Remove tubes and blow-dry with filtered air . This 
may be done at 40 to 50 degrees unless your samp l e  is 
a methylated polysaccharide . For a methylated 
polysaccharide b l ow- dry at no more than 35 degrees. 
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Table 6 :  Continued 
8 .  Prepare a 10 mg/mL s olution o f  s odium borohydride (or 
s odium borodeuteride) in lM ammonium hydroxide . 
For methylated p o lysaccharides always use sodium 
borodeuteride . Add 2 5 0  microliters of this solution 
to each samp l e ,  mix and allow to s tand for one hour at 
room temperatur e .  Allow to stand for two hours for 
methylated samples . 
9 .  Add 50 microliters o f  glacial acetic acid . Vigorous 
bubbling should take p lace! Repeat two more time s .  
1 0 .  Add 500 microliters o f  a 9 / 1  + MeOh/HOAc solution to 
each tub e .  Blow dry using filtered air . (For methylated 
samples keep temperature at 35 or below) Repeat four 
time s . 
11. Add 500 micro liters of MeOH to each tube and blow dry 
as in step 10. Repeat four times . 
12 . Add 50 micro liters o f  pyridine and 50 mi croliters o f  
acetic anhydride t o  each tub e .  Mix, seal with teflon 
cap and heat at 121 degrees for 30 minutes . 
1 3 .  Cool on ice and extract by adding 500 microliters o f  
water and 5 0 0  microliters o f  chloroform. Mix, centrifuge 
on table top centrifuge for five minutes ,  r emove water 
layer (top) with Past eur pipette and extract again by 
adding fresh chloroform to this water layer . Collect 
both chloroform layers and blow dry with filtered air 
at room temperatur e .  
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Table 6 :  Continued 
1 4 .  Analyze by dissolving sample in 20 to 5 0  microliters 
of acetone and injecting 1 to 5 microliters onto the 
C C .  For the gas chromatography , we use 2m x 4mm I. D. 
column packed with Supelco SP2330 . 
NOTE : TO INSURE PURITY OF ALL SOLVENTS THEY SHOULD BE 
SPECTROMETRIC GRADE , HPLC GRADE OR DISTILLED PRIOR TO USE. 
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column packed with Supelco SP-2330 liquid phase . The 
chromatograph used a FID detector with a hydrogen/ compressed 
air flame source and was interphased with an App le I I  computer . 
The computer , with an Epson printer , charted the chromatogram, 
calculated retention times and peak areas,  correlated samp le 
peaks with peaks stored in the memory from a standard samp l e ,  
and calculated mgs of sugar acetylated. Inositol was used 
as the internal standard, and for comparison the external 
standards were rhamnose, fucose , xylose , mannose , galactose , 
glucose and hep tose . rhe amounts of a sugar in the samp le 
that was not in the external standard was calculated using 
the standard sugar with the nearest retention time . LPS 
samp les were also analyzed by gas chromatography/mass 
spectrometry for further qualitative verification. This was 
done at the NIH Regional Center at Washington Universit y ,  
S t .  Louis , Missouri . 
Qualitative determination of the uronic acids present 
in the LPS was done by reduction of the uronic acids to their 
neutral derivative and gas chromatographic analysis as 
previously described. Two reduction procedures were used 
because the first resulted in only 50% reduction, as determined 
b 1 . . 40 y co orirnetric assay.  This method used carbodiimide 
to produce a less stable intermediate that could be reduced 
with sodium borohydride; Table 7 outlines the procedure. 
The resulting samp le was hydrolyzed, acetylated (Table 6) 
and analyzed by gas chromatography . Uronic acids were 
A .  
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Table 7 :  Uronic Acid Reduction (Carbodiimide Procedure) 
Solutions 
1. 0 . 05M Pyridine at pH=4. 75 
2 .  0 . 25M NaOH 
3 . 0 . 25M HCl 
4 .  2 . 0M Tris at pH=7 . 0  
5 .  0 . 05M NaOH 
B .  Procedure 
1 .  Uronic acid % ,  present in s amp l e  was first determined 
using the m-hydroxydiphenyl co lorimetric assay .  
2 .  For each 400 ug of uronic acid presen t ,  250 uL 
of H2o ( deionized) were added. 
3 .  Next the acetyl groups were removed b y  adding 5 0  
uL o f  s o lution 2 , . heating at 60°C for one hour , 
and adding 50 uL o f  solution 3 to neutrilize the 
samp le .  
4 .  Then 0 . 5  mL o f  s olution 4 was added along with 
250 uL o f  a 6 4  mg/mL s o lution o f  NaBH4 in solution 
5 .  One drop o f  octanol was added prior t o  this step 
to prevent excessive foaming . This was let t o  stand 
at room temperature for one hour . 
5 .  The resulting s olution was dialyzed against dH2o 
for five changes o f  lOL o f  wate r ,  with at least four 
hours be tween changes . Then the solution was 
lyophilized and the procedure was repeated twice 
excludin g  step 3. 
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determined as the acid forms of the neutral sugar that was 
present in the reduced LPS and not the unreduce d  LPS or that 
increased in the reduced LPS. The second method used to 
reduce the uronic acids was methanolysis. 16 In this procedure 
the carboxyl group is converted to a methyl ester and then 
reduced using sodium borohydride; Table 8 outlines the 
proc edure. Analysis of the product was as previously 
described. 
The LPS polysaccharides were analyzed in the s ame manner 
as the whole LPS . Fir s t ,  colorimetric assays for hexose 
and uronic acid were done. Next a hydrolysis, reduction , 
and acetylation procedure was carried out on each, as des-
cribed in Table 6 ,  and they were analyzed by gas chromatography. 
Electrophoretic Analys is 
Dis continuous SDS po lyacrylamide gel electrophoresis 
(PAGE) of the whol e  LPS was done to determine any variations 
22 in the banding pat terns. The solutions used in the 
PAGE analys is are listed in Tab le 9 .  Approximately 24 hours 
prior to running the analysi s ,  a 15% acrylamide running gel 
was poured by combining the proper solutions , Table 9 ,  and 
just prior to pourin g ,  adding the polymerizing agents : 
0 . 05 mL of 10% ammonium persulphate and 0 . 0 0 7  mL of 
N , N , N1 , N 1- tetramethylethylenediamine (TEMED) . One hour 
prior to running the ge l ,  a 5% acrylamide stocking gel 
was poured using the proper solutions and adding the same 
amounts of po lymerizing agents. To 20 ug of the lyophilizied 
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Table 8 :  Uronic Acid Reduction 
(Methanolysis Procedure) 
A .  Solutions 
1 .  lm HCl in MeOH - prepared by adding 0 . 720 mL 
of acetyl chloride to 10 mL MeOH , dropwi s e  
2 .  10 mg/mL solution of NaBH4 in 50% ethanol 
3 .  Stock glacial acetic acid 
4 .  9 : 1  solution of MeOH : acetic acid 
5 .  MeOH, HPLC grade 
B .  Procedure 
1 .  A sample of the l . mg/mL so lution of LPS containing 
250 ug of hexose , as determined by the anthrone assay ,  
had several beads o f  Rexyn 101 -H+ resin adde d ,  with 
vortexing.  The aqueous layer was removed after 
one minute and the beads were washed twice with 
500 mL of H2o .  All the aqueous layers were combined 
and blown dry with a stream of air at 45°C . 
2 .  Next 500 uL of solution 1 were added to the sample 
in screw top test tubes .  The tubes were sealed 
and heated at 80°C for 16 hours . The samp les were 
then cooled on ice and then blown dry with a stream 
of air.  
3 .  Then 250 uL o f  solution 2 were added and the s ample 
was sonicated for one hour and let to stand at 
room temperature overnight . 
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Table 8 :  Continued 
4 .  Then 50 uL o f  s olution 3 was added and repeated 
twi c e .  
5 .  Next 500 uL o f  solution 4 were added and the 
samples were blown dry at 45°C . Repeated three 
time s .  
6 .  Then 500 uL o f  so lution 5 were added and the 
samples were again blown dry at 45°C . Repeated 
three time s .  
7 .  The resul ting s amples were acetylated as in 
Table 6 ,  starting with the TFA hydrolysi s . 
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Table 9 :  Polyacrylamide Gel Electrophoresis Solutions 
A .  Stock Solutions 
1 .  Running gel stock buffer : 22 . 7 1 g Tris and enough 
deionized water· (dH20) for a 100 mL final volume , 
adjusted to a pH = 8 . 8 .  
2 .  Stacking gel stock buffer : 7 . 6 9 g Tris and enough 
dH2o to equal a final volume o f  100 mL , adj usted 
to pH = 6 . 8 .  
3 .  Stock acrylamide solution: 25 g Acrylamide , 
0 . 625 g Bis acrylamide and dH2o for a final volume 
o f  50 mL . 
4 .  Sodium dodecylsulphate (SDS) 10% solution: 2 . 5  
g SDS and 25 mL o f  dH20 .  
5 .  Sample preparation solution : 100 mL s tock solution 
#2 , 10 g sucrose , 2 g sodium dodecylsulphate (SDS) , 
25 mg Bromphenol blue , and 25% beta - mercap toethanol . 
6 .  Running buffer : 28 . 8  g/L Glycin e ,  6 . 0  g/L Tris 
and l . og/L SDS . 
B .  Preparations 
1 .  Running gel : 5 . 0  mL solution l ,  6 . 0  mL solution 
2 ,  0 . 25 mL solution 4, and 1 3 . 75 mL degased dH2o. 
2 .  Stacking gel preparation : 
2 .  0 mL s o lution 2 ,  l ·. 0 mL s o lution 3 ,  0 . 1  mL 
s olution 4 ,  and 6 . 9  mL o f  degased dH2o. 
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LPS and a lyophilized samp le of 5 ug each of BSA (M. W. =6 6 , 000) , 
ovalbtllllin (M . W . -45 , 000) , beta lactalbumin ( M . W . -18 , 400) , 
and lysozyme (M . W . -1 4 , 300) , 20 uls of solution #5 , from Table 
9 ,  were added and the solutions were sealed in glass tubes 
and heated in a boiling water bath for five minutes.  
To run the ge l ,  the running buffer was added to the apparatus 
the samples were app lied to separate wells in the gel and 
a constant current of 20 m amps was app lied until the blue 
bromphenol dye reached the bottom of the gel (approximately 
four hours) . At this time the gel was removed ,  the well 
containing the protein markers was removed and the carbohydrate 
and protein containing .gels were stained appropriately . 
The protein was stained by placing 100 mL glacial 
acetic acid, 2 . 5  g Brilliant Blue G dye and 6 5 0  mL of 
deionized water overnight . Then the gel was destained 
overnight in a solution containing 40 mL methano l ,  20 mL 
glacial acetic acid, and 140 mL of deionized water . The 
carbohydrate was stained by the fol lowing procedur e :  
1 .  FIXATION : 40% EtOH , 5% glacial acetic 
acid ,  55% H20 ;  overnight . 
2 .  OX IDATION : 0 . 7% periodic acid, 40% 
EtOH , 5% glacial acetic aci d ,  55% 
H20 ;  5 minutes . 
3 .  RINSE : deionized H20 ,  three time s ,  1 5  minutes each. 
4. STAININ G :  28 mL O . lN NaOH , 115 mL 
de�onized H2 0 ,  � mL NH40H , and 5 mL , 20/o AgN03; IO minutes . 
5 .  RINSE : deionized H2o ,  three times , 15 minutes each. 
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6 .  DEVELOPIN G :  0 . 5  mL 47% formaldehyde , 
50 . 0  mg citric acid , and 200 mL 
deionized H2 0; two to five minutes . 
7 .  STOP BATH : 0 . 7  rnL glacial acetic 
acid, and 200 mL deionized H20 ;  30 minute s .  
8 .  RINS E :  deionized H20 ;  overnight . 
RESULTS 
Applications of the water layer material , from the 
pheno l/water extraction , to a Sepharose 4-B colunm results 
in the separation o f  the LPS from a smaller polysaccharide 
(SmPS) . Profiles of the hexose content in each fraction 
are very s imilar for all the strains analyze d ,  where the 
LPS elutes within the bed vo lume of the colunm and the 
SmPS elutes at the included volume . Figure 3 shows the 
hexose profile for the parental strain, ANU 843 . 
Composi tional analysis of the LPS from the 4-B co lunm 
by colorimetric as says and gas chromatography shows similar 
compos itions for three of the mutants , ANU 851, ANU 871 , 
ANU 8 9 1  and the parental type, ANU 843 . One batch o f  274 
shows an increase in galactose and the presence of two new 
component s ;  rhanmos e  and a yet unidentified component, 
pos sibly a neutral sugar . The LPS from a second batch of 2 74, 
however, has the parental type compos ition . Table 1 0  lists 
the composi tion of. neutral sugars, uronic acid,  KIX>, pyurvic 
acid ,  and acetyl groups . A rep resentation of th� g . c .  
chromatogram for the parental LPS is shown in Figure 4A 
and of strain 2 7 4  LPS in Figure 4B . 
Qualitat ive determination o f  the uronic acids , by 
first reducing them and then analyzing by gas chromatography 
gave different results for each of the two methods use d .  
The first method utilizing carbodiimide , resulted in a 
reduction of only approximately 50% o f the uronic acids. 
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Figure 3 .  Elution profile o f  R .  trifolii ANU 843 LPS 
and SrnPS , using an EDTA/ TEA buffer as the 
solven t .  Determined by anthrone as say for 
hexo s e  of aliquotes from the fractions collec ted.  
Table 10 : The Lipopolysaccharide Compositions of Transposon 
Generated Symbiotic Mutants of R. Trifolii ANU843 
Strain 20M6DH RHA FUC MAN GAL 3NM36DH GLC HEP x UA AC PY KOO 
-
ANU843 5 . 6  0 2. 1 2.8 2. 3 5. 3 1. 3 10. 5 0 24. 1 2.6 2.0 0. 6 
+ + + + + + + + + + + + + 
o-:-8 
-
0-:-3 o-:-6 0-:-2 0-:-3 o-:-s 1-:-s - 1-:-6 0-:-1 0-:-5 0-:-1 
(4. 5) (0) (2. 1) ( 3 . 1) ( 9. 3) ( 3. 1) (6.  2) ( 9. 9) ( 2. 1) .ND ND ND ND 
ANU851 5.7 0 2. 1 2.8 2.4 5.0 2.3 10. 0 0 19.2 2.5 2.5 0.8 
+ + + + + + + + + + + 
0-:-3 0-:-3 0-:-4 0-:-3 o-:-6 o-:-s 1-:-6 0-:-1 0-:-1 o-:-5 0-:-1 
(5. 2) 0 (2. 1) (3.7) ( 10.3) ( 2 .  9) ( 7.6) ( 1 1. 2) 1.6 ND ND HD ND 
ANU274 4.8 2.3 2.2 2 . 8  4.3 4.4 2.0 12.0 2.6 2 3.0 2.2 2.6 0. 8 w 
+ + + + + + + + + + + + + w 
o-:-6 0-:-4 o-:-3 0-:-2 0-:-1 i-:-2 0-:-2 o-:-3 0-:-4 o-:-s 0-:-1 0-:-1 0-:-1 
(3.8) ( 1. 8) (1.9) ( 3. 0) ( 1 1. 0) ( 3  . 1) (6 .4) (10. 9) (5 . 8) ND ND ND ND 
ANU8 91 6.3 0 2.6 3.0 2.6 5.0 1. 7 11.2 0 2 1. 4 2.4 2. 0 0 . 8  
+ + + + + + + + + + + 
1-:-2 o-:-6 0-:-4 0-:-2 i-:-2 1-:-0 1-:-7 0 2-:-0 0-:-1 0-:-1 0-:-1 
(4. 2) 0 ( 2 . 0) (3. 5) ( 10.7) ( 3 . 4) ( 7. 6) ( 9. 8) (1.7) ND ND ND ND 
ANU8 71 5. 0 0 1. 9 2. 6 2. 0 5.0 1 .  3 8.8 0 18.8 1 . 4  2 . 2  0. 6 
+ + + + + + + + + + + 
0-:-9 0-:-4 o-:-a 0-:-4 0-:-9 0-:-9 2-:-6 s-:-4 0-:-1 i-:-o 0-:-1 
(4.8) 0 (2. 3) ( 3. 2) ( 10.7) (3. 7) ( 7 . 4) ( 12.4) ( 1. 4) ND ND ND ND 
The compositions are given in percent of mass. The s tandard deviations are 
calculated from several analyses o f  the same samp le .  The values in parentheses are of 
the uronic acid reduced (methanolysis procedure) LPSs. The LPS from a s econd batch 
of ANU274 does not contain rhamnose. 20M6DH = 2-0 -methyl-6-deoxyhexo s e ,  RHA - rhamnos e ,  
FUC = fucose , MAN = mannos e ,  GAL - galactose , 3NM36DH = 3-N-methyl-3-amino - 3 ,  6 -
dideoxyhexose , HEP = hep tose , X = unidentified, AC = acetyl group s ,  PY = pyruvyl group s , 
ND = not determined. 
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Figure 4 .  G .  C .  chromatograms o f  the alditol acetate 
derivatives o f :  A) R. trifolii strain ANU843 
purified LPS ,  and B) R .  trifolii strain 274 
purified LPS . The peaks are representations 
of the following sugar s : a) 2 - 0 -methyl-6-
deoxyhexos e ,  b) rhanmose , c) fucos e ,  d) mannos e ,  
3) galactos e ,  f) 3-N-methyl-3-amino- 3 ,  6 -
dideoxyhexo s e ,  g )  gluco s e ,  h )  inos ito l ,  i) 
heptose , k) tmi dentified molecule 
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The g . c .  chromatograms o f  the LPS reduced in this manner 
show increases in only galactose which occured in the mutant 
and parental LPS s . The ANU 843 g . c .  chromatogram o f  LPS 
reduced in this manner i s  shown in Figure SA.  The s econd 
reduction procedure , methanolysis o f  the po lysaccharide, 
yield more complete reduction o f  the uronic acids . This 
is evident i� the g . c .  chromatograms o f  ANU 843 reduced 
in this manne r ,  Figure SB . Her e ,  along with a similar 
increase in galactose as in Figure S A ,  an increase in glucose 
and the appearance of what may be a new unidentified sugar 
i s  observed. These results are similar for the mutant strains 
as well and the quantitative results are listed in Table 
1 0 .  The unidentified molecule appears to be the same uni­
dentified molecule in the altered 2 7 4  LPS . These results 
indicated that the glucuronic acid may be incorporated into 
the LPS in a way that make s  it resis tant to the production 
o f  a carbodiimide-containing intermediate . 
Mild acid hydrolysis o f  the LPS in 1% acetic acid breaks 
the acid labile ketosidic bond be tween the lipid-A and 
KDO , causing the hydrophobic lipid-A to precipitate out l eaving 
the polys accharide fraction soluble in the acidic so lution . 
Separate weights for the lipid-A and the polysaccharide 
show that between 85% and 98% is accounted for , Table 1 1 .  
Applications o f  the polysaccharide fraction from 
each strain to a Sephadex G-50 column results in the separation 
o f  two polysaccharides of different molecular weight , LPS l  
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Figure 5 .  G .  C .  chromatograms of the alditol acetate 
derivatives of R.  trifolii strain ANU843 purified 
LPS reduced b y :  A) the carbodiimide proc edure , 
and B) the methanolysis procedur e .  The peaks 
are a representat ion of the following sugars : 
a) 2 - 0-methyl-6- deoxyhexose ,  c )  fucos e ,  d) 
mannose ,  e) galactose , f) 3-N-methyl-3-amino - 3 ,  
6 - dideoxyhexose ,  g) glucose , h) inosito l ,  i) 
heptose , k) unidentified molecul e .  
3 7  
Table 1 1 :  Percent o f  Total LPS Weight Accounted for by 
the Lipid-A and Polysaccharide Fraction 
After Mild Acid Hydrolysis of Purified LPS 
IR. trifolli Weight % I Weight % of Total Weight % 1- Strain of Lipid-A Polysaccharide Accounted for 
ANU 843 16 . 4 7 1 . 2  8 7 .  6 . 
ANU 851 20 . 4  6 8 . 8  89 . 2  
ANU 8 7 1  18 . 4  7 9 . 2  9 7 . 6  
ANU 8 9 1  15 . 2  78 . .  4 9 3 . 6  
I 274 1 2 . 8  7 2 . 4  I 85 . Z  I I 
The values are given in % of the total mass of the 
purified LPS us e d .  
3 .g 
and LPS2 . Figure 6 A  shows the hexose and uronic acid 
profile of the fractions from the G-5 0  column for ANU 843 . 
The altered LPS of s train 274 had the s ame peaks along with 
a thir d ,  LPS 3 ,  which i s  a larger polysaccharide , 
Figure 6B.  These polysaccharide subunits were analyzed 
colorimetrically for uronic acid and by gas chromatography 
for neutral sugar s .  The g . c .  chromatograms for the LPSl and 
LPS2 of each strain show a similar composition for all the 
strain s ,  including 274 with the altered LPS . Figure 7 
shows the chromatograms for the LPSl and LPS2 from s train 
ANU 843 . Variations in the amoun ts of glucose are obs erved 
in the LPS2 of all strains ; howeve r ,  recently a predominantly 
glucose containing p olysaccharide was separated from the 
LPS2 on a DEAE - cellulose anion exchange column .  Therefore ,  
the s ignificance of the variable glucose ·amounts i s  uncertain. 
Also shown is that LPS3 contains rhamnos e ,  galactos e ,  
an unidentified component , uronic acid, and small amount s  
o f  glucose and heptos e .  Table 1 2  lists the quantitative 
composi tion of neutral sugars and uronic acid for each of 
the LPS polysaccharide subunits , and Figure 8 shows the g . c .  
chromatogram for the LPS l ,  LPS2 , and LPS3 of s train 2 7 4 .  
This suggests that the only difference between the parental 
and the mutant LPS i s  the presence of LPS 3  found only in 
strain 274 LPS . Since the LPS3 is pre s ent as a distinct 
polys accharide , separate from LPSl and LPS 2 ,  it also suggests 
that the LPS 3 is b ound to the LPS via an acid labile bond 
broken in the mild acid hydrolys is procedur e .  
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Figure 6 .  Profile of Hexose (• ) and uronic acid (A) in 
the Sephadex G-50 co lumn fractions o f  A ;  ANU843 
LPS polysac charide B ;  274 LPS polysaccharide . 
Deionized water was used as the so lvent . 
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Figure 7 .  G .  C .  chromatogram of R .  trifolii strain ANU 843 : 
A) LPS l ,  and B) LPS2 . · The peaks are representations 
of the following sugars : a) 2-0-methyl-6-
deoxyhexo s e ,  �)  fuc o s e ,  d)manno s e ,  e)  ga1actose,  
f)  3-N-methyl- 3-amino- 3 ,  6 - dideoxyhexo s e ,  g) 
glucos e ,  h) ino s itol , i) heptose 
Table 12 : The Relative Compo sitions of the Polysaccharides 
Released from the LPSs by Mild-acid Hydrolysis 
SamQle 2M6DH RHA FUC MAN GAL 3NM36DH GLC HEP x AU 
-- -
-
843LPS1 19 . 6 0 6 . 4  1 .  2 1 . 0 7 . 9  3 . 1  30 . 7 0 28 . 6  
851LPS1 18 . 2  0 5 . 5  1 . 0  0 . 7  8 . 6  3 . 7  33 . 0  0 28 . 6  
2 74LPS1 13 . 5  0 4 . 0  0 . 9  1 .  6 8 . 8  5 . 2  36 . 0 0 30 . 1  
8 9 1LPS1 13 . 9  0 4 . 5  1 .  2 1 . 1 9 . 0  6 . 3  34. 2 0 29 . 6  
8 7 1LPS1 16 . 2  0 4 . 7  1 .  3 0 . 9  8 . 1  8 . 1  30 . 6  0 30 . 0  
.i:--
I-' 
274LPS3 0 2 3 . 0  0 0 19 . 8  0 6 . 0  9 . 0  2 9 . 7  12 . 5  
843LPS2 0 0 0 10 . 8  10 . 8  0 1 .  7 1 .  6 0 75 . 0  
851LPS2 0 0 0 1 1 .  !� 10 . 6  0 3 . 1  2 . 2  0 72 . 8  
2 74LPS2 0 0 0 10 . 1  10 . 4  0 3 . 8  1 .  0 0 74 . 6  
8 9 1LPS2 0 0 0 1 1 . 2 1 1 . 2  0 5 . 5  0 . 2  0 72 . 0  
8 7 1LPS2 0 0 0 10 . 6  10 . 8  0 6 . 5  1 . 7  0 70 . 3  
The sugars are defined a s  in Table 10 
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Figure 8 .  G .  C .  chromatograms of the alditol acetate 
derivatives of R .  trifolli strain 2 7 4 :  A) LPS l ,  
B) LPS2 , and C) -LPS3. The peaks are representations 
o f  the fol lowing sugars : a) 2 - 0 -methyl-6-
deoxyhexo s e ,  b) rhamnos e ,  c) fuco s e ,  d) manno s e ,  
e )  galactose , f )  3- N-methyl- 3-amino - 3 ,  6 -
dideoxyhexos e ,  g) glucos e ,  h) ino sitol , i )  hepto s e ,  
k )  unident ified molecule 
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In trying to qualitate the uronic acids present in 
the LPS l ,  LPS2 and LPS 3 ,  mild acid hydrolysis o f  the car­
bodiimide reduced LPS was attemp te d ,  and resulted in a 
greatly reduced precipitation of the lipid-A. The soluble 
material when appl_ied to a Sephadex G-50 co lumn results in 
a maj or hexose peak at the void volume and a highly hetero­
geneous region containing hexose that spans from close to 
the void volume to the included volume . Figure 9. shows 
the G-50 elution profile for ANU 843 reduced LPS . A KDO 
assay of the fractions shows KDO present in the void peak . 
This suggests that the void peak consists of unhydrolyzed 
LPS . One pos sible explanation i s  that the reduction also 
reduces the KDO , creating a more stable ketosidic bond to 
the lipid-A. The heterogeneity of the region containing 
LPSl and LPS2 also suggests that the reduction procedure 
in some way effects the integrity of the LPSl and/or LPS 2 .  
Similar results between the parental and mutant types are 
obs erved indicating that the reduction procedure has the 
same effect on all the LPS s . 
Finally, the results of the discontinuous SDS PAGE 
analys is indicate banding patterns that are identical to 
all strains analyz ed , Figure lQ . Thes e  data show a single 
low molecular weight band and a high molecular weight 
heterogeneous region consis ting o f  several maj or bands . 
The low molecular weight band has been sugges t ed as being 
·the LPS which contain only the lipid-A and LPS2 oligosacch�ride , 
0 . 350 
0 . 30 0  
0 . 250 
0 . 200 
ABS . 
0 . 15 0  
0 . 100 
0 . 050 
VOID 
30 
44 
INCL. 
40 50 60 70 
FRACTIONS 
Figure 9 .  Profile at hexos e  (•) and uronic acid (A) in 
the fractions from Sephadex G-50 column 
chromatography, of the R. trifolii strain ANU843 , 
reduced LPS (by the carbodiimide procedure) . 
Deionized water was used as the so lvent . 
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Figure 10 . SDS PAGE results for the R .  Trifolii LPS o f  
each strain analyzed, Lane - 1 , 2 7 4  (batch without 
LPS3) ; Lane- 2 ,  274 (batch without LPS 3} ; Lane- 3 ,  
ANU8 9 1 ; L�ne- 4 ,  ANU8 7 1 ;  Lane -5 ANU85 1 ;  Lane- 6  
ANU84 3 .  Molecular weight of the markers are 
li&ted at their point of migration (A-BSA; 
B-ovalbumin ; C-Beta lactalbumin; D- lysozyme) . 
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while the high molecular weight heterogeneous region contains 
the lipid-A, LPS l ,  and LPS2 polysaccharides �O The hetero-
geneity of the high molecular weight region is thought to 
be due to different aggregate statc 3 of the LPS containing 
the comp lete polysaccharide . Thes e  aggregate s tates would 
cons ist of a group of N number of LPS molecules non- covalently 
associated with each other , each successive band of higher 
molecular weight would include that group of LPS that has 
one more LPS mo lecule, non-covalently bound , than the preceding 
band. The altered LPS of 274 also shows i dentical banding ; 
however , it has , in addition, numerous bands in the hetero-
geneous region, less dis tinct and between the putative 
aggregate bands . Thes e  bands are also equally spaced between 
each other . The apparent equal increase in molecular weight 
suggests the presence of a larger a-antigen po lysaccharide 
cons isting of oligosaccharide repeating tinits . The 
similarities in the banding patterns between the parental and 
mutant LPSs (even s train 2 7 4  has the same maj or bands )  
supports the compositional results in suggesting the parental 
LPSl and LPS2 as being identical to the mutants ,  with the 
addition of an 0-antigen repeating unit in one batch of 
2 7 4 .  
CONCLUSIONS 
Compositional analysis o f  the LPS polysaccharide shows 
similar re lative amounts o f  neutral sugars . uronic ac i d ,  
KDO . pyruvic acid, and acetyl groups between the parent and 
mutant strains . with the exception o f  one batch o f  2 7 4 ,  
Table 10 . The altered batch of 2 7 4  LPS contained more 
galac tos e .  and two new component s ,  rhamnose and an undetermined 
molecul e .  This alteration occured only in the firs t  batch 
of 274 and in the second batch, parental type LPS was 
produced . 
Qualitative analysis of the uronic acids by reduction 
and subs equent gas chromatography analys i s  gave two type s  
o f  results depending on the reduction method us e d .  The method 
using carbodi imide to form an unstable intermediate results 
in an increase in only galactose in the chromatogram of the 
reduced LPS as compared to unreduced LPS . However . reduction 
by the methano lysis procedur e ,  which creates methyl e s ter 
intermediates . causes an increase in galacto s e ,  glucose . 
and the appearance of an undetermined molecul e ,  possibly 
a sugar . in all the s trains . It has been previously reported 
that the carbodiimide method of reduction is inhib ited 
when the uronic acid is incorp orated into a complex polysaccharide 
structure (personal connnunication . R .  Car l s on) . This is 
a steric inhibition resulting from the inability of the 
carbodiimide mo lecule to come in close enough contact with 
the carboxyl group to form the intermediate . The methanolysis 
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procedur e ,  since the methyl group is smaller than the 
carbodiimide molecule , would enabl e  a more complete reduction 
in the comp lex polysaccharide . This appears to be indic ated 
from the data in this report , Figure SA and SB . Thes e  data 
suggest that in all the s trains analyzed , galacuronic acid, 
glucuronic ac id and possibly a n  unidentified uronic acid 
are pre s ent . 
Mild acid hydrolys i s  o f  the LPS ,  separating the lipi'°d-A 
from the polysaccharide, yields similar amounts o f  lip id-A 
and polysaccharide for all s trains , indicating no maj or change 
in the lip id-A: polysac charide weight ratio . 
The elution profiles o f  the two molecules present in 
the LPS o f  these mutant R .  trifolii s trains , LP Sl and LPS2 ,  
on a Sephedex G-50 co lumn , appear identical to the parental 
type . This indicates a similarity in size of each of the 
molecules be tween all the s trains . Compositional ana lysis 
by gas chromatography further suggests no alteration in the 
LPSl and LPS2 of the mutants including the 274 LPS with LPS 3 .  
In the altered 2 7 4  batch,  the LPS3 e lutes from the G - 5 0  
column at the void volume indicating a larger molecular 
weight than the LPSl and LPS2 . The presence of heptose in 
LPS3 may be due to contamination with unhydrolyzed LPS ,  
which also would elute at the void volume . This is suggested 
because trace amounts of other sugars present in the whole 
LPS can be observe d .  
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S odium dodecylsulphate (SDS) di scontinuous PAGE analysis 
.of the mutant LPSs shows banding patterns identical to the 
parental strain, with the exception o f  the LPS multip le 
bands from the one batch o f  strain 2 7 4 ,  Figure 10 . In 
other Gram negative bacteria, such repeating bands o f  
equal distance have been determined t o  indicate the presence 
o f  an a-antigen polysaccharide composed o f  an oligo saccharide 
. 20 2 2  3� repeating uni t .  ' ' ? The appearance o f  this with the 
concomitant presence of the LPS3 sugge s t s  that the LPS 3  
is the a-antigen uni t .  Previous work on R.  trifolii LPS 
has suggested the LPS2 as being the core region and the 
LPS l  the a-antigen . 1 7 • 41 The compositional and PAGE data 
from this report suggest that the LPS2 may be a part o f  the 
core but the LPSl may not exi s t  a s  an a-antigen polysaccharide . 
If the LPS l was an a- antigen repeating unit the presence o f  
equally spaced bands , as in 2 7 4  LPS batch 1 ,  would b e  
apparent in a l l  the LPS samp les including the parent , s ince 
the LPS l  is present in a l l .  Therefor e ,  it is a p os sibility 
that the LPS3 is the a-antigen, which is not present on the 
parental LPS . under the conditions they were grown , and 
the LPS l is perhaps a comp l ex oligosaccharide attached to 
the core oligosac chari de. 
The incons i s tent presence o f  LPS3 is thought not to be 
due to contamination s ince neither Gram s taining , the 
inability to grow on nutrient agar , nor the ability to 
grow on kanamycin and streptomycin containing media gave 
any such indications . The mutation could have affected 
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the regulation of the 0-antigen expres sion ; however , at 
this time i t  is not known how a Tn5 insertion would cause 
inconsistent affects on genetic regulation. It i s  thought 
that the presence of LPS3 may be regulated by a yet un­
determined variab le . Slight variations in growth phase 
at the time of harvest may be this variable , knowing that 
changes in the LPS have been suggested to b e  influenced 
by growth phase in another R .  trifolii strain . 1 1  Other 
possib ilities include variation in oxygen avai lability or 
presence o f  mo lecules . from legume extractions . 
Although structural analysis of the LPS polysaccharide 
was not done , the data reported here indicate that the gross 
composition of the mutant LPS po lysaccharides is not altered 
from the parental type for any of the mutant s ,  with the 
exception of the inconsistent presence of LPS3 in 2 7 4 .  
This sugge s t s  that the Nod regions on the Sym-plasmid that 
have an a.f fect on early nodulation events perhaps do not 
a ffect the LPS compos ition . If,  however , there is an 
alteration in the LPS as a result of some environmental 
variable indicated by the inconsistent presence of LPS3 
in 2 7 4 ,  it is possib l e  that the LPS3 compos ition is altered 
by mutations in the Nod regions . Areas of further s tudy 
would include structural determination o f  the LPS and 
identification of the variable controlling LPS3 synthesis . 
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